Giloe (Tinospora cordifolia Miers; Menispermaceae) is an important medicinal plant of India. It is a glabrous woody, climbing shrub, which is fairly common in dry deciduous forests growing over hedges and small trees. This species is distributed throughout tropical and sub-tropical India. It is not cultivated commercially, but is sometimes raised as an ornamental climber through stem cuttings. Giloe is used in the Ayurvedic system of medicine for treatment of various ailments, like jaundice, rheumatism and urinary disorders [1] . It is also used as a bitter tonic, and as an astringent, diuretic, and aphrodisiac. It is claimed to promote longevity and to have curative properties against infection and jaundice, and provide relief in, for example, diabetes, piles, diarrhea and dysentery [2] [3] [4] . Although a large number of chemical compounds have been reported from this plant [5] [6] [7] [8] [9] [10] [11] , no authentic information is known on the identity of any biologically active constituent of T. cordifolia.
Pesticides of natural origin have attracted the attention of researchers because of increased + Oral presentation at the IUPAC International Conference on Biodiversity and Natural Products: Chemistry and Medical Applications, New Delhi, January 2004. environmental consciousness. These natural compounds can also be used as leads from which more potent compounds can be developed. We are making a study of different plants to explore their potential as insect growth regulators and T. cordifolia is one such plant. The woody stem of this species has been reported to contain phytoecdysones [12] [13] . Phytoecdysones are well known for their disruption of moulting in insects. Therefore, woody parts of T. cordifolia were extracted with n-hexane and ethanol, and the extracts tested for their efficacy against Spodoptera litura, along with neem extract containing 100 ppm Azadirachtin A, as standard. The present paper reports the insect growth regulatory (IGR) activity of the ethanolic extract of T. cordifolia against the above test insect and the bioassay-guided isolation and characterization of an oxygenated chalcone 1, which is being reported for the first time from a natural source, and to which the trivial name cordifolin has been given. (There is a mention of this compound in the literature [14] , but without any spectroscopic data). This report is the first to give complete spectroscopic details of the chalcone. The ethanolic extract of T. cordifolia displayed great potential in insect management as it was found to be more effective than neem extract in terms of IGR activity when tested against S..litura. The ethanolic extract of T. cordifolia, therefore, was subjected to column chromatography over silica gel and the fractions eluted with n-hexane, benzene, chloroform, ethyl acetate and methanol were tested for their efficacy against third instar larvae of S. litura (Table 1 ). Pupation was delayed by 2-7 days. Minimum delay was recorded for the methanol fraction (8.9 days) and maximum for the ethyl acetate fraction (13.6 days), as compared to 5.6 days taken by insects in the control group. The pupal period was also prolonged in all the treatments, as compared to the control. It was recorded as 16.8, 13.2, 12.4, 11.3 and 9.5 days in the ethyl acetate, chloroform, benzene, n-hexane and methanol fractions, respectively, as compared to 8.7 days in the control. In all the fractions, pupal weight was also found to be significantly less as compared to the control; probably larvae were unable to collect the required amount of energy needed for normal pupation from the food, due to less consumption in all the treatments. The peaks at 1680 cm -1 and 3100 cm -1 in the IR spectrum indicated the presence of an α,βunsaturated carbonyl group in the molecule and also a chelated hydroxy group. A sharp singlet at δ 12.10 confirmed the presence of a chelated phenolic group, which was also supported by a dark brown coloration on TLC when the spot was sprayed with 10% ethanolic ferric chloride solution.
The above features and the signals appearing at δ 6.46 and 7.34 in the 1 H NMR spectrum, integrating for one proton each (J = 15.6 Hz) and characteristic of the αand βprotons, suggested I to be a 2'-hydroxy chalcone. The C-5' proton appeared as a doublet, owing to ortho-coupling (J = 8.0 Hz) at δ 6.83, whereas the proton at C-6' appeared as a multiplet, along with the two protons at C-3" and C-5" at δ 7.03. The two protons at C-2" and C-6" appeared together as a doublet at δ 6.71 (J = 8.0 Hz). The 1 H NMR spectrum of 1 showed a characteristic peak at δ 3.84 for the methoxy protons. This assignment was supported by the signal at δ 55.92 in the 13 C NMR spectrum. In this, the keto carbonyl group at δ 187.00, and the αand βcarbons of the chalcone at δ 121.83 and 139.17, respectively, supported the structure given to I. The C-5' and C-6' carbons at δ 111.18 and 126.82, respectively, and the oxygenated quaternary carbon atoms at δ 148.18, 148.59, 155.98 and 165.65, in addition to the other two quaternary carbons C-1' and C-1" at δ 119.45 and 116.01, respectively, helped in the unambiguous elucidation of the structure of the chalcone (1) as 1-(2',3',4'-trihydroxyphenyl)-3-(4"-methoxyphenyl)propen-1-one.
Experimental
General experimental procedures: 1 Plant material, extraction and isolation: Stems of T. cordifolia were collected from the National Bureau of Plant Genetic Resources (NBPGR), New Delhi. The plant material was shade dried, powdered and 500 g was refluxed with 1.5 L of n-hexane for 3 hrs on a water bath at 50-60 o C and subsequently with ethanol. The contents were filtered through a Buchner funnel under vacuum. The ethanolic extract was subsequently fractionated with n-hexane, benzene, chloroform, ethyl acetate and methanol on a column containing silica gel.
The hot ethanolic extract was treated with 1N hydrochloric acid and subsequently with sodium hydroxide to separate the alkaloid and non-alkaloid fractions. The non-alkaloid portion (in chloroform) was then subjected to chlorophyll removal as follows:
The non-alkaloid portion was evaporated to dryness in vacuo, and the residue was dissolved in hot methanol and treated with a saturated aqueous solution of lead acetate containing 1% acetic acid. The above mixture was allowed to stand overnight when it yielded a straw colored solution, which was decanted and concentrated in vacuo. It was then extracted with chloroform and dried over fused calcium chloride. The solvent was removed under reduced pressure to obtain a crude extract (4.2 g), which was used for column chromatography. Elution was started with n-hexane and polarity was then increased by subsequent addition of benzene, chloroform, ethyl acetate and methanol. The fraction obtained by eluting with ethyl acetate showed three spots under UV light (development solvent 5% methanol in chloroform). The material was subjected to preparative chromatography to obtain one major compound 1, which was analyzed and characterized, from IR, UV, 1 H NMR and 13 C NMR spectroscopic and mass spectrometric data. Bioassay studies: Ethanolic solutions (5% and 1%) of the different extracts, fractions and compound I, and neem extract containing, azadirachtin-A (100 ppm) solution in ethanol, were tested against third instar larvae of Spodoptera litura, which were collected from laboratory culture, starved for 6 hours and then fed on castor leaves treated with the different test materials. Leaves treated only with solvent were used as a control. Ten larvae were released in a jam jar containing treated leaf. The experiment was replicated thrice. Data on mortality, percent abnormal pupae, pupal weight, percent pupal adult intermediates, and adults emerged (both normal and abnormal) were recorded [15] .
